Boys with some residual enzyme activity have been described with a presentation similar to that of females.5
recognised.
Most males with ornithine carbamoyl transferase deficiency have little enzyme activity and are severely affected. They present with an overwhelming illness in the neonatal period and most will die despite vigorous treatment.2 3 In girls the severity of the illness is very variable even within one kindred. The This girl, whose two brothers died of pulmonary haemorrhage in the neonatal period, was born normally at term. There were no neonatal problems, but she failed to thrive. At 9 months of age she had an episode of diarrhoea, vomiting and drowsiness which was thought to be due to encephalitis. She made a satisfactory recovery, but subsequently had many further attacks, during which she became drowsy, irritable and ataxic. Her developmen-28
Neurologicalfeatures and computed tomography ofthe brain in children b -----i. tal progress had been normal up to the time of the first attack, but thereafter her development slowed. At two years and eight months she was referred to the Hospital for Sick Children. On examination she was small (height and weight less than the third percentile) and mentally retarded (approximately at an 18 month level), but otherwise the physical and neurological examination was unremarkable. Plasma ammonium, glutamine and alanine and urine orotic acid concentrations were elevated (table). CT on admission showed extensive bilateral symmetrical well defined low density of the white matter of the cerebral hemispheres, sparing the internal capsules (fig I A) . Since she has been treated she has had no further episodes of encephalopathy with hyperammonaemia. Repeat CT one month after the previous scan showed less extensive white matter low density. The lateral ventricles, though still normal in size, were slightly larger ( fig. IB) . Comment Failure of thrive, retardation and vomiting with acute exacerbation is typical of ornithine carbamoyl transferase deficiency and the biochemical findings in the patient and her family were diagnostic. The CT appearances though not specific were consistent with a metabolic disorder.9 The history of episodic encephalopathy combined with her tolerance of marked hyperammonaemia suggests that the latter was longstanding and was responsible for the CT scan appearances.
Case 2
This girl was normal up to the age of 3 months when she began to have unexplained episodes of vomiting, drowsiness and abdominal pain. In one of these at the age of 5 years she lost consciousness and recovered spontaneously, but she had several further milder episodes. At the age of 7 she was admitted to hospital deeply comatose with fixed dilated pupils, papilloedema and decerebrate rigidity. CT showed diffuse low density in both cerebral hemispheres without abnormal enhancement (fig 2) . There is extensive symmetrical low densitv in both cerebral hemispheres. The lateral and 3rd ventricles are small.
The lateral and third ventricles were small; the brain stem and cerebellum were normal. Biochemical details are given in the table. Despite vigorous treatment she died 48 hours later. Comment In common with other children with ornithine carbamoyl transferase deficiency this girl was thought to have had repeated episodes of encephalitis. Drug intoxication had been suspected. CT during her terminal illness showed diffuse cerebral swelling and low density consistent with oedema.
Case 3
This girl was normal at birth and was breast fed for 10 months, but she failed to thrive. Her milestones were normal up to the age of 9 months, but thereafter she made no further developmental progress. At 14 months of age she started to have attacks of vomiting and episodes of drowsiness and irritability. Investigations at 17 months showed extensive bilateral EEG abnormalities and encephalitis was suspected. CT demonstrated low density of the white matter in both hemispheres. Twenty days later she Kendall, Kingsley, Leonard, Lingam, Oberholzer developed a left hemiparesis. CT scan showed symmetrical low density of the white matter involving only the periventricular region on the left side, but extending to the cortex on the right side ( fig 3) with slightly abnormal enhancement peripherally in the right fronto-parietal region. Lumbar CSF and serological studies for virus infection were normal. When referred to the Hospital for Sick Children she was small, irritable and had a left hemiparesis. Her plasma ammonium was elevated (table) and investigations confirmed the preference of ornithine carbamoyl transferase deficiency. On treatment she has thrived and regained lost skills with resolution of all her focal neurological features.
Comment The early history is typical of hyperammonaemia. The first scan at a time when she was not acutely ill, showed diffuse low density consistent with a metabolic disorder, but the second showed focal changes which are unusual in this condition. Following an episode of coma treated at the age of 6 months the diagnosis of ornithine carbamoyl transferase deficiency had been confirmed. On a low protein diet he thrived but his developmental progress was poor. At the age of 6 years his developmental quotient on several scales was between 40 and 60 and he remained severely retarded. At the age of 5 years he started having grand mal fits and during the next 8 years he had several hospital admissions for treatment of encephalopathy precipitated by infections. At the age of 13 he was admitted drowsy with ataxia and mild left hemiparesis. CT showed moderate cerebral atrophy and bilateral extracerebral fluid collections ( fig 5A) which gradually resolved over 9 months with clinical improvement (fig SB) . At the age of 141/2 years he died after an episode of protracted vomiting. Comment This boy's early course is typical of hyperammonaemia, but the cause of his intellectual deterioration without obvious ill health between the age of 2 and 5 years is unclear. Episodic hyperammonaemia could have been responsible for the cerebral damage that was manifest as cerebral atrophy and this predisposed to the development of subdural effusions. Case 7 This boy was born spontaneously at 28 weeks gestation weighing 1.09 kg and was well until the 3rd day when he started having apnoeic attacks which did not need assisted ventilation. At the age of 24 days he developed Klebsiella pneumonia and meningitis with convulsions which were difficult to control. Necrotising enterocolitis requiring intravenous feeding followed after which oral feeds were reintroduced (SMA Wyeth). On this he began to thrive and made normal developmental progress until the age of 8 months when he became irritable and started vomiting. At the age of 7 months he was admitted for investigation of a suspected gastro-intestinal disorder. At the age of I year he was readmitted unconscious after more vomiting and a small haematemesis. He had a left hemiplegia and his neurological condition rapidly deteriorated. CT showed slightly enlarged lateral ventricles, a normal fourth ventricle, but the third ventricle could not be seen. No intracranial subarachnoid spaces were seen. There was reduced density of the supratentorial grey and white matter and in the brain stem, but the cerebellar hemispheres were normal ( fig  6) . The plasma ammonium was 700 MLmol/ I and despite treatment it rose to 1464 Amol/l before death. The hepatic ornithine carbamoyl transferase deficiency activity of needle biopsy taken immediately after death was reduced (table). At necropsy there was diffuse brain swelling with transtentorial and tonsillar herniation. Subsequent investigation revealed that the maternal grandmother, mother and sister were carriers and the brother had died of an encephalopathic illness aged 3 months. Comment The early course of this boy's illness was masked by prematurity and infection and characteristic symptoms did not start until the age of 8 months. CT showed the brain swelling which was present at necropsy. The dilatation of the lateral ventricles can be explained by obstruction to the third ventricle causing biventricular hydrocephalus, but there could also have been cerebral atrophy that was only partly masked by the brain swelling.
Discussion
The appearances of the CT scans of the seven patients vary considerably but we suggest that they can be explained in terms of the duration and severity of the hyperammonaemia and the age of the patient.
Three patients were scanned during an episode of acute and fatal encephalopathy, two patients (cases 2 and 7)
being comatose at the time they were scanned. In one (case 2) CT demonstrated brain swelling with small ventricles and diffuse low density of the white matter. In the other (case 7) there was slight dilatation of the lateral ventricules but the third ventricle could not be seen. This child died the same day as the scan and brain swelling with tonsillar herniation was confirmed at necropsy. The changes are most likely to be due to acute hyperammonaemia causing cerebral oedema which is known to be present in such circumstances.4 1-13 The third patient (case 5) had an apparently normal scan, possibly because he was scanned before oedema developed. Two patients (cases I and 3) were scanned at a time when, although not well, they had no acute neurological disturbance. Both had had previous episodes of encephalopathy and had high plasma ammonium concentrations on admission. From the clinical history we suspect that the plasma ammonium had been elevated for several months. In one child (case 1) the low density changes demonstrated in the white matter were at least partly reversible following treatment with a low protein diet. The other patient (case 3) developed a hemiparesis and subsequent CT scan showed a corresponding unilateral extension of the low density changes. Hemiparesis has been reported '4 15 but the aetiology of this complication is not known. Vascular changes have not been noted at necropsy and angiography has not been described.
With more prolonged survival hyperammonaemia may cause cerebral atrophy. ' 2Case 6 was diagnosed at the age of 9 months and despite several attacks of acute encephalopathy he survived until the age of 141/½ years. CT at the age of 13 years, undertaken because of increasing ataxia, showed marked cerebral atrophy and bilateral extracerebral collections of fluid. These could have been caused by mild trauma in the presence of cerebral atrophy that made him more vulnerable although an association with the hyperammonaemia cannot be discounted. This complication has been noted previously in a patient with citrullinaemia. 16 The differential diagnosis includes not only disorders of the urea cycle but Reye's syndrome, inborn errors of amino acid, organic acid and of carnitine metabolism, 18 '9 sodium valproate therapy20 and even urinary tract infections.2' Regardless of the cause once a child has symptoms due to acute hyperammonaemia urgent treatment is indicated to reduce plasma ammonium concentrations and to prevent or control cerebral oedema.
